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SPECIAL  REPORT1 

MAGNIFICATION  OF  IMAGERY  TO  COMPENSATE  FOR  THE  DECREASE  IN 
PERCEIVED  SIZE  ASSOCIATED  WITH  A  28”  VIEWING  DISTANCE 

Byron  J.  Pierce  George  A.  Geri 

Air  Force  Research  Laboratory  Visual  Research  Laboratory 

Warfighter  Training  Research  Division  Raytheon  Training  and  Services  Co. 

Mesa,  Arizona  Mesa,  Arizona 


Introduction 

Pierce  and  Geri  (1998)  compared  the  perceived  size  of  collimated  and  uncollimated 
aircraft  targets  presented  on  typical  flight  simulator  background  imagery.  They  concluded  that 
uncollimated  imagery  must  be  magnified  by  about  15-30%  in  order  for  it  to  appear  the  same  size 
as  collimated  (and  by  implication,  real-world)  imagery.  Pierce  and  Geri  used  F-15C  targets  and 
a  viewing  distance  of  44"  to  the  uncollimated  display. 

It  has  recently  been  suggested  that  magnifying  the  size  of  imagery  in  the  Boeing  Visual 
Integrated  Display  System  (VIDS)  might  improve  the  spatial  detail  of  simulated  targets.  Such  a 
magnification  would  also  render  uncollimated  VIDS  targets  perceptually  more  similar  in  size  to 
collimated  targets.  It  has  been  questioned,  however,  whether  the  magnification  estimated  by 
Pierce  and  Geri  (1998),  using  a  viewing  distance  of  44",  should  be  applied  to  the  VIDS,  whose 
viewing  distance  is  only  28". 

The  present  study  was  performed  to  answer  this  question.  Observers  estimated  the  size  of 
uncollimated  F-15C  targets  that  perceptually  matched  the  size  of  collimated  targets.  The 
uncollimated  targets  were  presented  at  the  VIDS  viewing  distance  of  28". 

Methods 

Observers.  Ten  pilots  served  as  observers.  The  observers  ranged  in  age  from  27  to  49 
years  with  a  mean  of  37.3  years.  Flight  experience  ranged  from  130  hours  to  4000  hours  with  a 
mean  of  2343  hours. 

Apparatus  and  Stimuli.  A  diagram  of  the  optical  system  used  to  display  both  the 
collimated  and  uncollimated  imagery  is  shown  in  Fig.  1.  The  imagery  of  each  channel  was  rear- 
projected  onto  rigid  screens  (Stewart  Lumiglass  130).  One  image  was  viewed  directly  at  a 
distance  of  28"  and  thus  served  as  the  uncollimated  image.  The  other  image  was  reflected  in  a 
large  spherical  mirror  and  was  effectively  collimated.  The  sources  for  the  collimated  and 
uncollimated  background  images  were  Barco  Model  808  CRT  projectors,  and  the  two  images 
were  superimposed  using  a  large  glass  beamsplitter. 


1  Request  for  reprints  and/or  questions  concerning  the  information  contained  in  this  note  should  be  directed  to 
Dr.Byron  Pierce  at  AFRL/HEA,  Mesa,  AZ,  85212-0904.  Phone  (480)  988-6561  or  DSN  474-6561.  E-mail 
byron.pierce@williams.af.mil.  This  work  was  supported  by  USAF  Contract  F-4 1624-97-D-5000. 


The  background  image  used  in  both  the  formation  flight  (FF)  and  basic  fighter  maneuver 
(BFM)  conditions  is  shown  in  Fig.  2a  (the  crosses  shown  in  the  figure  are  not  relevant  to  the 
present  study).  High-resolutioil  targets  on  35  mm  slides  were  superimposed  on  the  background 
imagery  in  each  channel.  In  one  condition,  the  targets  were  chosen  to  represent  F-15Cs  flying  in 
FF  with  the  observer’s  aircraft  (see  Fig.  2b),  at  distances  of  500,  2,000,  6,000,  or  12,000  ft.  In 
the  other  condition,  the  observers’  viewed  the  target  aircraft  as  it  might  appear  during  a  defensive 
BFM  engagement  (see  Fig.  2c)  at  distances  of  either  4,000  or  7,000  ft.  Target  aircraft  were 
displayed  above  the  horizon  for  all  distances  tested. 

The  F-15C  models  used  to  produce  the  target  stimuli  were  obtained  from  Viewpoint  Data 
Labs.  The  appropriate  perspective  for  the  models  was  generated  using  SoftImage-3D 
(Microsoft),  and  the  model  was  scaled  as  required  using  Adobe  Photoshop.  The  background 
imagery  was  obtained  from  a  typical  flight  simulator  database.  Observers’  head  movements 
were  minimized  with  a  chin  rest,  and  a  two-button  response  box  was  used  for  data  collection. 

Procedure.  Observers  were  first  allowed  to  adapt  for  4-5  min  to  the  illumination  in  the 
experimental  room.  Each  experimental  trial  began  with  a  4-second  presentation  of  the  collimated 
image  (target  +  background).  That  image  was  extinguished  and  the  uncollimated  (real)  image 
was  then  presented  for  4  sec.  Using  a  response  switch,  the  observer  indicated  whether  the 
uncollimated  test  target  appeared  larger  or  smaller  than  the  collimated  test  target.  If  the  observer 
responded  "larger",  the  size  of  the  uncollimated  target  was  decreased  on  the  next  trial,  whereas  if 
the  observer  responded  "smaller",  it  was  increased.  Data  collection  continued  until  eight 
response  reversals  were  obtained  after  the  observer's  response  stabilized.  All  six  target  images 
were  tested  in  a  single  experimental  session  that  lasted  about  30  min 

In  most  cases,  the  mean  of  the  eight  target  sizes  corresponding  to  the  response  reversals 
was  taken  as  an  estimate  of  the  uncollimated  target  size  that  matched  a  given  collimated  target 
size.  A  slightly  modified  procedure  was  used,  however,  to  calculate  the  mean  perceived  size  for 
observer  MH  under  two  conditions  (FF12K'  and  BFM7K')  in  which  her  response  staircase  would 
have  otherwise  gone  beyond  the  available  stimulus  set.  For  those  two  conditions,  a  mean  was 
obtained  by  estimating  the  uncollimated  image  size  to  which  this  observer  responded  "larger" 
and  "smaller"  in  approximately  equal  numbers.  This  technique  may  have  resulted  in,  at  most,  a 
4%  underestimation  in  perceived  size  for  the  two  data  points  in  question. 

Results  and  Discussion 

The  results  of  the  present  study  are  summarized  in  Table  1 .  The  table  entries  are  the 
measured  percentage  differences  in  the  perceived  size  of  the  real  and  collimated  images.  The 
percentage  difference  was  calculated  by  taking  the  difference  in  size  between  the  uncollimated 
image  and  the  collimated  image  that  it  was  found  to  match,  and  dividing  that  difference  by  the 
size  of  the  collimated  image.  Thus,  a  positive  entry  in  Table  1  indicates  that  a  larger 
uncollimated  image  was  required  to  match  a  given  collimated  image  (i.e.,  the  uncollimated  image 
was  perceived  to  be  smaller  than  the  corresponding  collimated  image).  The  data  for  both  the  FF 
and  BFM  conditions  are  also  shown  in  graphical  form  in  Figs.  3  and  4.  The  lower  graph  in  each 
figure  shows  the  percentage  increase  in  perceived  size,  and  hence  reflect  the  data  presented  in 
Table  1.  The  horizontal  dashed  lines  in  each  lower  graph  indicate  the  mean  percentage  increase 
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for  each  stimulus  condition.  The  upper  graphs  in  Figs.  3  and  4  show  the  actual  difference  in 
perceived  size  found  for  each  observer  under  each  stimulus  condition. 

For  the  FF  condition,  the  magnitude  of  the  perceived  size  difference  between  the 
collimated  and  uncollimated  displays  varied  from  about  12%  for  the  12K'  condition  to  about 
24%  for  the  6K'  condition,  with  a  mean  over  all  distances  of  just  over  19%.  For  the  BFM 
condition,  the  perceived  size  difference  was  very  close  to  20%  for  both  distances  tested.  Thus, 
the  overall  estimated  difference  in  perceived  size  was  about  20%. 

There  was  generally  good  agreement  among  the  perceived  size  increases  across  the 
various  simulated  distances  (see  third  row  from  bottom  of  Table  1).  The  only  possible  exception 
was  the  estimate  for  the  FF12K'  condition,  which  represented  the  smallest  simulated  aircraft 
target.  Although  the  estimate  for  this  condition  was  less  than  the  other  conditions,  the  effect 
averaged  about  12%  and  was  in  the  same  direction  (i.e.,  the  size  of  the  real  image  target  was 
increased  to  match  that  of  the  collimated).  Overall  then,  it  appears  that  any  conclusions  drawn  as 
to  the  perceived  size  of  targets  viewed  on  a  real  display  located  at  28"  from  the  pilot's  viewpoint 
can  be  applied  to  all  simulated  targets  within  a  range  of  about  two  miles. 

The  data  of  Table  1  and  Figs.  3  and  4  also  indicate  that  there  are  considerable  individual 
differences  among  the  perceived  size  data  obtained  from  the  ten  pilots  tested.  As  is  shown  in  the 
table,  the  standard  error  of  the  mean  (sem)  is  about  3.8  for  the  estimated  increase  in  perceive  size 
across  the  overall  means  of  each  of  the  ten  observers  (see  rightmost  two  columns  in  Table  1). 

Conclusions 

The  present  data  indicate  that  uncollimated  VIDS  imagery  should  be  magnified  by  about 
20%  in  order  for  it  to  appear  the  same  size  as  collimated  imagery.  These  data  are  in  the  range 
reported  by  Pierce  and  Geri  (1998)  for  a  longer  real-image  viewing  distance. 

The  present  data  also  confirm  the  finding  of  Pierce  and  Geri  (1998)  that  significant  individual 
differences  exist  in  perceived  size  estimates  of  this  kind.  We  estimate  the  standard  error  of  the 
mean  for  the  perceived  size  estimates  across  observers  to  be  about  3.8  suggesting  that  there  is  a 
95%  probability  that  estimates  of  the  required  magnification  for  real  targets,  obtained  from  the 
general  population,  will  fall  between  about  10%  and  30%. 

Reference 

Pierce,  BJ.  and  Geri,  G.A.  (1998).  Display  collimation  and  the  perceived  size  of  flight  simulator 
imagery.  AFRL-HE-AZ-TR-1 998-0058,  Warfighter  Training  Research  Division,  Air  Force 
Research  Laboratory,  Mesa,  Arizona. 
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a)  Collimated-Image  Projection  System  (WAC  Window) 


Screen 


Eye  Point 


Slide  Projector 
1  AmPro  Projector 


b)  Real-Image  Projection  System 


Flat  Screen 


Eye  Point 


c)  Top  View  of  Combined  Projection  System 


Fig.  1.  Diagrams  of  the  Collimated  and  Real  Components  of  the  WAC/Real  Display. 
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(a)  Background 


(c)  BFM  Target 


Fig.  2.  Background  Image  and  Target  Stimuli. 
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Table  1  -  Percentage  Increase  in  Real  Image  Required  to  Match  Collimated  Image 


Formation  Flight 

BFM 

■ 

mean 

sem 

(N=6) 

12000' 

6000' 

2000' 

500' 

7000' 

4000' 

RN 

10.2 

20.2 

25.9 

18.8 

23.8 

17.3 

19.4 

2.248 

MH 

28.9 

62.7 

47.2 

32.0 

72.5 

44.6 

48.0 

6.951 

RR 

3.95 

11.2 

19.1 

14.6 

7.5 

13.1 

11.6 

2.183 

CS 

5.92 

13.4 

7.91 

4.76 

10.3 

10.0 

8.72 

1.294 

MH 

12.5 

25.4 

2.51 

15.2 

6.25 

12.7 

12.4 

3.228  | 

SH 

16.8 

28.2 

11.7 

17.5 

28.8 

19.4 

20.4 

2.766 

GS 

0.987 

17.9 

18.6 

14.0 

11.3 

13.1 

12.6 

2.600 

SF 

10.5 

30.5 

38.2 

16.5 

28.8 

14.2 

23.1 

4.457 

DG 

.  12.8 

6.16 

22.1 

9.66 

-3.13 

13.7 

10.2 

3.440 

JG 

17.1 

27.4 

24.9 

48.2 

17.8 

43.3 

29.8 

5.341 

meat 

i  =  19.62 

mean 

11.97 

21.81 

19.12 

Hffil 

sem 

=  3.791 

sem 

2.504  i 

4.962 

4.249 

3.915 

6.649 

95%  Conf.  -  +/-  9.70 

N 

10  ! 

10 

10 

10 

10 

10 

II 

O 

mean 

19 

sem 

2.062 

N 

40 

20 

mean 

19.62 

sem 

1.85 

N 

60 
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Length  of  Collimated  Image  (deg) 


Fig.  3.  Data  for  Each  Observer  Obtained  at  Each  of  the  Four  FF  Distances. 
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